Duchenne muscular dystrophy (DMD) is the most common and severe muscular dystrophy, affecting about 1:3500 live male births 1 and causing loss of the ability to walk independently by 10 to 12 years of age. Its treatment remains palliative and relies mainly on steroids and physiotherapy, both in order to slow the loss of motor function [2] [3] [4] . Several tests have been reported in the literature to assess muscle strength and functional ability, to monitor the progression of the disease, and to evaluate the results of drug interventions and rehabilitation [4] [5] [6] [7] [8] [9] [10] [11] [12] . However, most instruments involve ambulant patients, making adjustments and/or additional assessments necessary when the disease progresses 8, 9 . The Motor Function Measure (MFM), which was an assessment tool to measure motor function in patients with neuromuscular disorders, was developed 13 in 2005, in France, and it was later validated in Brazil 14 . It includes 32 items that evaluate three dimensions of motor performance, including specific motor functions, such as transfers and standing posture (D1), proximal and axial (D2), distal (D3) and a total MFM score involving all of the motor dimensions. The items are scored and summed to comprise a total score, in which the maximum represents normal motor function.
Using this tool, longitudinal studies to assess motor function are possible in both ambulant and wheelchair patients. The purpose of this study was to verify the evolution of motor function with this new assessment tool in patients with DMD, who were on steroid therapy.
MetHoDs
The study included 44 patients (ambulant and non-ambulant) with DMD, aged six to 16 years-old. The DMD diagnosis was confirmed by molecular analysis and/or immunohistochemistry and Western blot for dystrophin in muscle biopsy, and all patients were submitted to laboratory tests before the onset of steroid therapy utilizing two possible schemes: prednisolone (0.75 mg/kg per day intermittently ten days on and ten days off) for those children less than seven years-old, or deflazacort (0.9 mg/kg/day) daily for the older ones.
All patients were able to actively collaborate in the motor tasks of the MFM. An initial assessment was made to collect general information, including the date of loss of ambulation and the type and weekly frequency of attendance at physical therapy center. When patients did not attend any type of physical therapy (hydrotherapy and conventional physical therapy), they were counseled and referred to specialized rehabilitation care centers. As those treatments were not carried out at the same rehabilitation center, all caregivers were explained about how doing some traditionally physical exercises at home. After having obtained the authors' authorization, we applied the MFM and registered the aspects of motor function (D1, D2, D3) and the total MFM score, according to materials and methods described in the instruction manual, which can be found at: http://www.mfm.nmd.ord. Each patient was evaluated six times by the same physical therapist on the day of the patient's medical appointment for 18 months. The first visit preceded the onset of steroid therapy. The interval between the first and second visits and between the second and third visits was three months. The interval between the remaining successive visits was four months. Evaluations were performed before each appointment. The term of consent was signed by the patients/parents and it was previously approved by the Ethics Committee for Analysis of Research Projects of the Department of Neurology, Medical School of the University of São Paulo, São Paulo SP, Brazil). Statistical analysis was performed using ANOVA for repeated measures, followed by Tukey's range test. In each statistical analysis, a significance level of 5% (p<0.05) was adopted.
results
Forty-four patients with DMD, who were on steroid therapy, were followed. Of these patients, 11 did not complete the study (seven did not regularly attend the assessments, two dropped out of the follow-up study, one did not regularly maintain medication, and one died). Thus, 33 patients completed the study. Of these patients, 22 (66.7%) were ambulant, six (18.2%) were non-ambulant, and five (15.1%) lost walking capacity during the study (Table 1) .
D1 was not analyzed in the group of non-ambulant patients, because it measures motor function associated with the standing position and transfer from one place to another. In ambulant patients, D1 and the total score remained stable for 10 to 14 months after starting the treatment (Table 2) . There was a marked improvement in D2 motor function in the first six months of treatment, with some time of stability throughout the follow-up period. There was functional gain in D3 during the entire follow-up period (Table 2) .
In non-ambulant patients, we observed maintenance of D2 and total score during the follow-up period with functional loss during the last visits for D2, except for D3 measurement, which remained stable throughout the follow-up period (Table 3 ). In the group of patients who lost walking ability during the follow-up period, D1 began to decline after the third visit, D2 and the total score began to decline during the final visits, and D3 remained constant during the followup period (Table 4) . With the exception of the two patients who lost their walking ability at the second visit, one patient lost his/her walking ability at the third visit and two patients lost their walking ability at the forth one. The mean scores at the time that walking ability was lost in those patients were: D1=22.51% (±4.97%), D2=92.22% (±1.24%), D3=91.43% (±3.99%), and total score =63.12% (±2.03%).
DiscussioN
Because the MFM displays losses and gains at each stage of the disease and for each motor function, the MFM is an excellent method of evaluating DMD patients on steroid therapy or other new therapeutic strategies. Our aim was to demonstrate the advantages for the use of MFM as a tool for monitoring the functional outcome of patients with DMD on steroid therapy; the purpose was not to evaluate the beneficial effects of medication on disease progression, which have been well recognized during the last two decades 2, [15] [16] [17] [18] [19] [20] . In previous studies, several methods have been used to assess and monitor motor function in patients on steroid therapy 3, 9, 11, 12 , and the search for the ideal instrument remains an objective in several centers for neuromuscular diseases 9, 21 . The MFM has been applied successfully in some studies of treated DMD patients 13, 14, 22 . Recently, Vuillerot et al. 23 compared 12 steroid-treated patients with a Control Group of 12 untreated patients over a 12-month period; patients treated with steroids had more stable total MFM scores and D2 sub-scores, confirming the beneficial use of steroids for patients with DMD. Although muscle strength was not evaluated in our study, a recent report has compared the scores obtained with the Medical Research Council (MRC) index and the MFM 23 . Since the items assessed by the MFM permit the evaluation of the course of DMD, during the follow-up, our patients were divided into three groups (ambulant patients, non-ambulant patients, and those who lost walking ability during the study period). The division of patients into these groups and the short periods of time between each evaluation allowed a better understanding of the application and the effectiveness of the MFM.
In the group of ambulant patients, the MFM was proven to be effective for mapping disease progression in standing posture and transfer. We noted a period of stability for D1 followed by functional losses at the end of 18 months. Since D1 is related to the ability to walk, our findings were similar to previous results, which demonstrated that medication can extend the walking ability for months to two years 2, 3, 16, 18, 24 . Despite the inevitable decline in D1 at the end of the followup period, we found an increase in D2 in the first months of medication, and an increase in D3 throughout the follow-up period. This resulted in the stabilization of the total score. Therefore, the MFM suggests that physical therapeutic activities should focus on proximal, axial, and distal muscles during this period. For DMD is a progressive disease, the maintenance of motor function for months or years can prevent the accumulation of incapacities 18 . Other authors who utilized the MFM found variations in motor functions in the short-term (six months) 22 . However, they suggested that in new studies, patients should be monitored for more than six months, which is the case in the present study.
The dimensions assessed by the MFM seem to indicate with reasonable precision early motor deficits, as well transition periods in the course of the disease. The D1 seems to be the most informative dimension in ambulant patients, because it can show percentage values when patients were close to lose their walking ability. In our study, D1 (22.51%) and the total MFM score (63.12%) reflected a cut point moment for the loss of walking ability. However, this conclusion should be reserved, considering the small population of our study. Among the five patients who lost walking ability during the follow-up period in this study, the slowing of disease progression was reflected in D2, D3, and the total MFM score. Similar findings were also reported by Vuillerot et al. 22 . These authors stressed the possibility of predicting loss of walking ability one year before through the observation of estimated values of 40% for D1 and 70% for the total MFM score. Thus, these results could help DMD patients prepare to become wheelchair dependents. In addition, our results with the MFM, especially our estimates of D3 in non-ambulant patients, indicated a benefit of starting steroid therapy even at a later stage of the illness 22 . The possibility of a longitudinal follow-up study to assess functional independence is a valuable advantage of the MFM, which can be used in all stages of the disease. Other methods of monitoring progression of DMD and the effects of drug interventions focused on ambulatory patients 5, 8 require adjustments and additional assessments 9, 21 . Even the Hammersmith scale, broadly utilized, may be less sensitive while the patient becomes less ambulant 9 . Furthermore, the Hammersmith scale requires a different test for evaluating the upper limbs. We also emphasize the advantage of using the MFM for evaluating distal motor function that is not detected using other scales, like the one of Hammersmith, Brooke and Vignos, which are related primarily to gross motor skills. Even the Egen Klassifikation (EK) scale (Egen Klassifikation, translation from Danish) for non-ambulant Duchnenne and Spinal Muscle Atrophy users has no items for evaluation of motor distal function [25] [26] [27] . In conclusion, the MFM scale proved to be applicable to patients with DMD, who are undergoing steroid therapy. The MFM maps the evolution of the disease. It indicates stages of the disease in which motor ability improves, deteriorates, or remains stable, which would be important for planning the rehabilitation treatment. We suggest that additional longitudinal studies should be undertaken but with a larger sample of patients who are in transition to wheelchair dependence.
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